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Expendable  bathythermographs  (BTs)  suomitted  by  General  Motors 
Inc.  and  Francis  Associates,  Inc.  vwere  tested  to  determine  the  ■ ern- 
perature  indication  accuracies  attainable  from  the  ir  thermistor-br  .dge 
temperature  sensing  circuits  and  the  depth  accuracy  obtainable  from 
their  procedure  of  utilizing  a known  BT  sink  rate  to  determine  instan- 
taneous depth, 
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Expendable  bathythermographs  thus  far  >svaluated  by  this  Office 
were  preproduction  units  submitted  by  the  Packard  Electric  Division  of 
r-ciieral  Motors  Corporc.tion  and  Francis  Associates,  Inc,  These  3Ts 
are  essentially  similar  in  concept,  consistin''  of  compact,  sti’ea  nlined 
instrument  vehicles  des'.gie<i  to  sink  at  a corsiant  rate  while  paying  out 
a fine  electrical  cable  fi'om  a bail  located  within  the  Instrument  ,'ody, 

A thermistor  located  at  the  nose  of  the  insirurnsnt  senses  the  oci?an 
temperature  and  regulates  a correspond’.ag  c,  c.  signial  v/hich  is  trans- 
i:)ittfd  back  to  recording  irsiruments  aboaj'd  ship  via  the  deployed  eler- 
Ir  'cal  ca.de.  Wire  is  also  paj'ac.  out  from  a second  coil  on  bcarc.  the 
i:h\p  to  allow  the  wire  to  remain  essentially'  stationary  in  the  water  as 
I te  S lip  progresses  alot.g  its  course. 

Temperature  signal  readout  instrumentation  cons.sts  of  a striii 
chart  recorder  located  on  beard  the  ship  Since  the  velocity  of  the  sen- 
ci  vehicle  through  the  water  is  essentially  constant,  a relationship  be- 
veeti  degdh  and  time  is  estaulislied  ard  thus  the  time  axis  of  the  record- 
f ci  art  is  directly  related  to  depth-  A large  scale  teniperature -depth 
p ofile  ficm  the  water  surface  down  to  1500  "eet  is  produced  in  less 
tin  two  minutes  from  the  tine  of  BT  launch. iig  while  the  ship  remains 
o.',  course*  and  maintains  speicls  up  to  twenty  knots 

I prototype  expendable  13T  inco.’’por.'iti  ig  a pressure  transdu:er 
unc  havirg  all  electrical  cable  deployed  from  the  ship  was  devolc  pt  d 
a;i  subrn Itted  by  Basic  Devices,  Inc.,  but  pi-oblems  within  the  1:*n.per- 
Bure  sersing  circuit  ne  :es.5.tated  retc.rr.ing  .he  ui.ii.  io  the  iran  fnn- 
orer  for  modification  The  modified  units  were  not  retimed  ,n  time 
til'  laboratory  analysis:  field  testing  provided  itisu^i  ic  lent  da^x.  f.ir 
'Unluatioi  of  the  Basic  Device  expendeole  BT's  operating  charac  eris- 
' V.'  s . 


The  expendable  oatly  her  me  graph  evalut.tion  conducted  by  tl  is  Cf- 
fio,  '/as  concerned  primja.-'il/  with  an  enginet  ring  concept,  rather  than 
an  ciarational  production  de /ice  Lai. oratory  testing  included  smdies 
of  teiiVeJ'ature  accuracy  , theimil  response  '.ime,  the  effects  of  iires- 
sure  up  u the  temperature  sersers,  and  uniformity  of  sink  rate  Field 
testing  f*  -he  expendable  bathytliurmographs  was  performed  to  pro  ide 
infer  matio.'  on  operatiora..  cliaracteristics. 
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I TsSMFfJRATURS  ACGURACi 


A.  Procedure 

Five  urAis  of  each  BT  typ^e  were  utilized  for  Laboratory  eval-U'.- 
tion  of  the  expendable  bath^ihermo^^’aph  c(»noept.  The  unite  originall) 
sub.nitted  by  Basic.  Devi.ces,  Inc. , faileil  to  function  properly  and  wete 
retimed  to  the  manufacturer  for  mcdlfioation  of  the  temperature  sen  5- 
ing  circuit;  however,  the  modified  units  were  not  returned  in  suffLcLe  it 
time  for  laboratoiTr  evaluation  prior  tc  the  issuance  of  this  report.  'I  he 
ren  aining  BT  units,  five  each  of  the  General  Motors  tynes  ' A’  and  ' 3 
units  and  five  of  the  Francis  Assochites  units,  were  subjeemd  to  tesi  ng 
of  ti'.eir  temperature  se  nsors  and  associated  circuitry  to  determine  ii 
the  iO.  20°C  tem.perature  accuracy  desired  by  the  U.  S.  Kav’al  Ocear.  )- 
graphic  Office  had  been  achieved. 

Recording  instruments  supplied  wbh  the  expendable  BTs  were 
rap  aced  v/ith  precision  digital-readout  instruments  ;o  provide  a bett(  r 
indication  of  actual  BT  arrers  and  to  facilitate  data  collection. 

The  fifteen  BT  vnits  were  plncec  ir.  a regulated  temperature 
bati'.  and  com.pletely  submerged  with  ta.p  v/ater.  A supporting  rack  w»-s 
fab.-icated  of  hardware  cloth  to  provide  free  circulation  around  the  u'its 
and  to  separate  them  from  the  tank  rorrers,  cooling  coils,  heating  e’e- 
mei'ts,  and  any  other  region  where  ion- uniform  temperature  conditkns 
m. i,  hi  have  increased  tie  apparent  errors  of  the  BT  readings,  Bath 
ten  peratures  were  determined  by  use  of  a thermistcr  thermometer 
(rl.  il.B  Singe-r),  The  thermometer,  calibrated  before  and  after  the 
temperature  tests,  was  accurate  and  repeatable  to  +0.  02  C.  Two  mzr- 
cury-glass  thermometers,  calibrated  and  readable  to  i0.  025  C,  we-ie 
inci  ided  in  the  bath  to  provide  information  on  un-formity  of  +em.pera- 
turc  distribution. 

Bath  temperatures  and  BT  readings  were  taken  at  5°C  incre- 
mients  over  the  BT  operating  range  if  0 to  30*^C,  witn  this  cycle  repell- 
ed three  times  for  incniasing  and  three  times  for  decreasing  tempera- 
ture s to  give  sufficient  data  on  BT  temperature  sensing  accuracy  and 
uniiormity  between  units  The  bath  was  allowed  to  stabilize  for  at 
least  fifteen  minutes  at.  each  temperatuie  ;est  point  oefore  any  readir  gs 
were  taken  The  bath  temperature  was  continuously  monitored  as 
rea  iings  were  taken  to  insure  that  all  BT  readings  were  taken  under 
stalile  temperature  conditions. 

Three-five  position  switch  boxes  were  fabricated  to  facilitate 
rapid  selection  of  BTs  for  testing. 
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The  current  output  of  the  General  Motors  BT  units  was  read  as 
£.  voltage  drop  across  a precision  fifty  ohm  resistor.  A digital  volt-  ■ 

meter  was  utilized  in  determining  the  resultant  BT  voltage  output.  The 
meter  was  checked  before  each  test  run  with  its  internal  calibration  ; 

points  and  checked  daily  with  a laboratory  standard  cell. 

A direct  digital  readout  of  tlie  Francis  Associates  BTs'  Thermis- 
tor Resistances  was  obtained  by  incorporating  the  BT  bridge  network 
\/ithin  a precision  resistance  bridge.  j 

The  laboratory  instrumentation  used  in  reading  BT  temperature  J 

rignals  was  tested  and  found  to  provide  a reading  ac  curacy  and  resolu-  : 

lion  better  than  an  equivalent  -d).  02°C.  j 
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Results 


B. 


Temperature  accuracy  tests  indicate  that  the  General  Motors 
units  are  within  the  specified  error  limits  ( +0.  20  C)  over  most  of  their 
operating  range,  (0-30°C),  and  tliat  the  Francis  Associates  BTs  can  ac- 
hit»ve  the  specified  accuracy  if  the  manufacturer's  calijration  is  mcdi- 
fU  d. 


Temperature  errors  fu,.  the  General  Motors  type  "A"  units  were 
within  the  allowable  limits  except  at  the  extreme  upper  and  lower  ends  of 
th.‘  operating  range  (0-30^0,  From  5*^C  to  25  C the  General  Motors 
types  "A"  and  "B"  units  gave  temperature  readings  which  are  acceptably 
close  to  the  specified  allowable  +0  20°C  error  if  possible  experimental 
error  is  considered  (0.  04°C  maximum)  At  the  test  points  of  0°C  and 
30°C,  however,  the  temperature  error  curve  extends  beyond  the  allow- 
able error  limits. 

General  Motors  supplied  a linear  calibration  factor  to  be  used 
in  converting  the  voltage  outputs  of  their  BT  units  to  temperature  read- 
ings The  application  of  this  linear  calibration  factor  to  the  inherently 
ncn-linear  output  of  their  temperature  sensing  circuit  results  in  increas- 
ing errors  as  the  extremes  of  the  ooerating  temperature  ran^e  are  ap- 
proached 


Temperature  testing  of  the  Francis  Associates  BT  units  reveal- 
ed an  average  disagreement  of  about  0,  30  C between  the  calibration  data 
supplied  by  the  manufacturer  and  the  test  data  obtained  during  evaluation. 
A negative  0.  30°C  shift  of  the  entire  calibration  curve  would  allow  all  ex- 
perimental test  points  to  lie  within  the  acceptable  +0  20°C  error  range 
Francis  Associates  believes  that  this  difference  was  due  to  poor  calibra- 
tion on  the  part  of  the  thermistor  n anufacturer  Thermistor  calibration 
hed  ,;een  corrected  on  a second  group  of  BT  units  submitted  at  a later 
de‘:e  for  use  in  field  evaluation 

Francis  Associates  compensates  for  non-linear  thermistor 
characteristics  by  balancing  the  theri  listor  resistance  against  a non-Un- 
eer  resistance  sUdewire  within  their  recording  unit.  The  resulting  re- 
ce  rder  output  is  linear  over  the  specified  operating  range,  but  the  inher- 
er.t  error  in  the  non- linear  slide wii'e  unit  will  increase  the  BT  error  as 
seen  from  the  output  s de  of  the  slidewire  Tests  conducted  on  the 
F -ancis  recording  unit  shov/ed  this  increase  of  error  within  the  lineariz- 
ing unit  to  be  less  than  +0.  08^C. 


Table  I and  Graphs  1,  II.  and  III  present  the  reduced  data  from 
temperature  accuracy  testing 
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TABLE  I 

EXPENDABLE  BATHYT HERMQGRA?H  EVALUATION 
t base:  I.  - Absolute  Temperature  Accuracy  - Reduced  Data 

Taken  by;  W,  Reid  Date:  G March  1964 

Bath  Temp.  (°C)  Avera.;e  Absolute  Temperature  Error  (OC) 

General  Motors  Type  ’A" 


BT  No.  A4 

A7 

A8 

AlO 

0 

0.  15 

0.29 

0.  45 

0.48 

0,42 

5 

0.  15 

0.  04 

0,  15 

0.  17 

0.  12 

10 

0.02 

0.  14 

0,05 

0.  04 

0.01 

15 

0.03 

0.  1 1 

0,04 

0.  04 

0.02 

20 

0.08 

0,  05 

0.  03 

0.05 

0.04 

25 

0.02 

0.  12 

0.  03 

0.03 

0.04 

30 

0.20 

0.33 

0,24 

0.27 

0.24 

General  Motors 

Type  "B” 

BT  No.  Bll 

m2 

B17 

B19 

mo 

0 

0.  04 

0.  13 

0.  03 

0,  12 

0.03 

5 

0.09 

0.03 

0.  19 

0.  10 

0.  13 

10 

0,  10 

0.  03 

0.  13 

0.06 

0,  10 

15 

0.  04 

0.  09 

0,  04 

0.  02 

0.  02 

20 

0.  17 

0.23 

0.  13 

0.07 

0,  11 

25 

0.08 

0.  12 

0.  08 

0,  03 

0.  03 

30 

0.  19 

0.2  3 

0.23 

0.33 

0.29 

Francis  Associates,  Inc. 

BT  No.  A23 

A^G 

A27 

A28 

i^O 

0 

0,37 

0.47 

0.37 

0.42 

0.31 

5 

0.32 

0.  41 

0.33 

0,36 

,0.28 

10 

0.28 

0.  33 

0,31 

0.30 

0.26 

15 

0.  16 

0.23 

0.21 

0,  16 

0.  16 

20 

0.23 

0,2  7 

0.29 

0.20 

0,23 

25 

0.28 

0.31 

0.  36 

0.24 

0.30 

30 

0.28 

0.  30 

0.39 

0.21 

0.32 
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II-  THBRIViAL  RESi  QNS;5 
A„  Test  P raced  are 


The  expendaole  BTs  were  tested  v/Lth  respect  to  thermal  response 
to  check  agreement  w'th  the  specified  03.  'Ifo  indication  of  an  iustantane  • 
ous  te  mperature  charge  (Thermal  Response  time  constant)  within  0,  15 
seconds. 

The  methry.i  of  testing  ccnsisted  e ssentially  of  suddenly  changing 
the  temperature  o.  the  fluid  surrounding  ti  e dT  thermistor  v/lule  ob.serv- 
ing  the  output  of  '.le  6T  unit  on  an  osciUos  cope 

The  G.  !‘u  types  A &.  B unit.';  u ere  tested  for  thermal  response  i;y 
weici.ig  the  BT  (lermistoi  and  allowing  it  to  come  to  room  ten  per  at  u re 
e4uLlii)rium  and  then  plun  jing  the  BT  rnit  into  a bath  at  appro:Amately 
8 u i >ove  rooti  temperature.  The  outp  T<  signal  from  the  B1  was  record- 
ed on  1 storage  type  oscilloscepe  or  p'ctcgraphed  from  a regular  oscil  o- 
sccpe 


UtiU?.  ng  the  same  test  method,  tlie  Francis'  units  thermal  re- 
sponse time  constants  were  found  to  be  in  excess  of  the  allow'able  time 
of  0.  15  sec.  In  order  to  simuLme  actual  flovv  conditions  that  the  Franc  s 
BT  unit  wou'td  expei'ience  as  it  descended  through  water  at  a thermal  ve- 
locity of  2f  fps,  the  cold  bath  into  which  the  BT  was  plunged  was  replac- 
ed by  a st/eam  of  cold  water  forced  past  the  thermistor  at  approximately 
25  fp!i,  t'/us  increas  ng  the  heat  transfer  rate.  This  method  was  not  used 
for  tie  units  s nee  ‘.heir  respomcj  rate  v/as  within  spe cf ication 

even  i.n  f.till  water, 

A fast  acti’g  solenoid  actuated  va  n'e  was  used  to  provide  a sud- 
der  iurge  of  cold  hr-  water  through  a lozz.le  located  directly  beneath  the 
nos*  of  the  Franclf  BT  ui  it.  By  observing  the  height  to  which  a free 
cclun  n of  water  v )uld  rise  from  the  oozz.e,  the  water  pressure  was  ac - 
jrsieii  to  provide  / flow  velocity  of  25  fps  + 1 fps  at  the  nozzle  exit. 

■'•'a  er  was  allow'd  to  flov  through  the  vnl/e  and  nozzle  for  ap[>roximate - 
ly  one  minute  before  each  test  run  to  cool  the  metal  surfaces  coirAng  in 
contact  with  the  .vater  dov/n  to  the  9^C  tap  waier  temperature.  Water 
flo’v  was  '.nomeri'.arily  shi  nted  through  a by-pass  in  the  solenoid  valve 
while  a I'Yancis  BT  with  s.  v/ettf.*d  therrnis  or  at  room  tem[4erature  was 
monnce  l about  Mie  inch  a ove  the  nozzle  The  solenoid  valve  was  then 
actuated  to  prcciuce  a jet  of  cole  water  past  the  thermistor  and  the  result- 
ing thi/rmal  ref  ponse  was  observed  on  a trace-storing  oscilloscope  which 
had  _//:en  trlg^ired  simultaneously  with  the  solenoid  valve. 
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Because  tie  recordinj  umt  containing  p£  rt  of  the  Francis  Assu- 
cii.tes  3T  Bridge  circuit  \Aas  not  available  until  ifter  laboratory  testing 
hai  .een  completed,  it  was  nt  lessary  to  Simula  e the  recorder  porti.oa 
of  -be  Francis'  bridge  to  provide  a voltage  output  from  the  BT.  The 
voltage  oulput  corresponding  -.o  thermistor  resistance  was  recorded  o:i 
a storage  oscilloscope  which  "lai  >e*n  cab'bratec  by  replacing  the  iheim- 
iSior  in  the  BT  unit  with  a decide  ros  sta  ce  anc  observing  Ihe  i.riige 
output  voltage  on  the  -soil  ope  scw-en  as  the  decade  resistance  was 
chc.nged  to  correspond  1o  that  mis  o:?  lesistance.*  at  known  operating 
Temperatures. 
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E Test  Ee  )uli£ 


Both  types  of  Gereral  Motors  Enpendable  BT  units  demonstral- 
(>c:  thermal  response  time  constants  below  the  specified  0 15  seconds 
vyhen  tested  in  still  vmter  Response  time  will  be  somewlnat  decreasec 
ai  der  actual  operational  conditions  sinca  the  high  flow  rate  past  the 
ther  . tstor  will  increase  the  rate  of  thermistor  temperature  change. 

Initial  mill  water  tests  on  tloe  Francis  BT  u its  indicated  a 
tUer.'.ial  response  time  rrngingfrom  0 37  sec  to  0„81  sec...  dependin? 
upon  the  ur.it  tested  This  non-unLfonnrty  ol  response  time  between  B'l 
u its  was  cause*  by  a w xe  variatioi  in  llvs  thickness  of  the  coating  ma- 
terial u...ed  to  insula  e the  the  'mistors,  \t'hcn  the  water  jet  method  de  • 
scri  ed  previou.  ly  w-as  used  in  therir.al  response  testing,  the  average 
ro.s()Ot.se  time  c instant  lar  the  units  with  thinner  insulation  coalings  was  ij 

reduce  d to  0 17  sec 

hmly  cli^ht  ^arla  ions  in  thermal  response  time  were  noted  for 
flow  velocities  down  to  al  out  10  fps,  but  below  that  velocity  the  respor.se  i 

time  increases  nharoly  with  decreased  flew  velocity. 

The  thermistors  in  a ;jroup  of  ten  additional  Francis  BT  units  { 

sunmiited  for  field  testing"  had  ,een  modified  from  the  original  dc.*^'ign  | 

ufed  in  laboratory  tested  unit.s,  Tire  modified  units  had  more  uniform  ! 

t.ir  ri.iis' or  coatings  and  thermistor  mountings  had  been  modified  to  eh 
m nate  much  of  the  insulating  material  which  appeared  to  he  rcspo.isi  Ic 
lo.'  the  relatively  long  thermal  respo-.se  time  of  the  originally  sul  mitt*jd 

I ' i • I t o I 


TABT.EJU 

SXPoN'DAB Li'  HA TH V'H LMOGKAP H EVALLATION' 
1 hase;  II  ■ Thermal  Resoon  e Time  Ctnstait  - Results 

Taken 'oy'  Heid  Laxe*  !’b  March  10(3-? 


Thermal  ReSfOuse 

Ger/ii’al 

Ge  le  ra  1 

I'TnriC  ;s 

"ir-;e  Constant 

^Ltors 

Aicior.s 

Associate 

Tyne  A) 

TTl^eJi) 

inc  _ 

\ . ot  ill 

..  ater  'I'esi 

l‘'If.vlinur . 

<1,  09  sec 

0 1 1 sec 

0 ii  1 sec 

i verr.  'je 

0 07  t,rc 

0 OJ  sec 

0 52  sec 

R\n;;e 

0, 04  sec 

0 0 ■)  sec 

0 44  sec 

Li,  Test.- 

Ccaducteci 

.*ilh  10-25  Fps  Flow 

MaXiTi  um 

0 1 9 sec 

Avtrr.'^p 

0 i 7 sec , 

iian^  0 03  sec 


Ill,  EFFECT  . ESS  IPS  OH  TliEilM.STCRS 


\ Pro(  jciiire 

Er,’one.)u:3  erap<  rnture  readings  could  result  from  Gl>  ess<=s  'r 
ctitec  in  UerniKsior  mate  dais  at  the  hydrostatic  pressures  t,o  which  ’h; 
crspetdanl*  hath'  i.hei  mog  aph  will  je  su  j*'cted  in  operational  use  To 
Cet  M-nnnf  t la  v agniiude  if  leniperalure  er-'or  due  lo  pressure  el'fects 
1.10  Gene  al  Lictors  and  Francis  Assotnatf  s expendable  BT  u..ifs  >'-ere 
; u.  jei'tf  1 to  a iressure  T 50  psi)  corr ?s .ionding  to  their  maxirnui..  oper- 
.•.ting  i'  pt'n  (KOI  The  emperature  signal  oatpuls  were  monitored  sn.i 
c r.  -.  rreJ  ' j ’en  peralure  readings  nbir.i  led  by  a pressure- isolated  tem- 
;.-ra'jre  ..ensiii;  unit  (H  1 B Singer  i iermistor  thermometer  I A 
fr  ii  .e  v/ns  f . ri  at?;.',  to  hold  the  Clenora.  iUotors  and  Francis  /tssociates 
; r .init.-i  sr  that  taeir  re;-pective  temperature  sensors  would  be--  not  me.-? 
t .1  i one-l  iU'  UK  h .from  K.e  Singer  the rr.iometer., 

iim  u a I *e  noer  it  are  sensors  we.*re  located  within  a s naU  r?  • 

) ~ n<  n-uru)or  mity  erf  l<  naperatures  within  the  lest  tanb  could  l:.e  i "no-- 
T'.e  [.■'rcusure  insens  live  Singer  Ihermometer  eliminated  the  need 
!.  f trroreuial  cnlctualioi.s  in  determining  the  actual  chan  e of  tank  tt  ru 
ramie  ciu?  to  pressurii  at  ion. 

Ter  pe nature  re;  dings  wers  taken  from  the  BT  u its  atr^'  tin- 
. n ■,  r temperature  senarr  at  atmospheric  pressure.  The  tank  pro.-.;-  le 
ihen  increased  to  oSf'  psi  and  the  'ernoerature  readings  repeatc: 

T ne  change  in  temperature  Irdicated  by  the  Sii.  cr  uni*  v;;  s 
ipared  to  the  tempera' ure  cltanges  indicated  by  the  BT  units  to  ive 
i<  ) i,i.'-4t!(.n  as  f ) ihe  e.Te  to  of  pressure  on  the  BT  thermistors 
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B.  Results 


r.ei.si. 


Hydrostatic  pressares  to  G50  psi  produ  •«  neglij  Re  temperature 
errors  in  the  expendable  3Ts 


Ircreasing  the  bath  pressure  to  650  psi  resulted  in  a water  tem- 
per iture  .crease  ^ 0 17‘^’C.  as  indicated  jy  uo  h the  Singer  therrnorr.eter 
i;  the  G Al  Expendable  BT  u.  it  Any  effects  )f  pressure  on  the 
;h?n  istor  of  the  G M BT  unit  must  therefore  >e  less  than  the  possr  U 
.•x|  ?riuiental  error  (approximately  0,  02°C)  invc  Ived  in  testing 


i."c. 


The  Francis  Expendab  e BT  unit  indica  ed  a tem;.erature  chan  e 


dJference  of  0 01  C from  the  tenaperature  ndicatod  ny  the 


h . :er  the rinmneter  Addin;,  tic  error  indicate!  by  the  I'rancis  BT  to 


(h?  pot  j.bve  experimental  erroi  results  in  a madmum  pi  :sible  pressure 
muuc.eii  tr.nperature  error  of  0 03^C  An  erro  ■ of  tnis  magnitude  ca  I c 
I'c  iisidered  'w  U'  ible  when  compared  to  the  g 0.  iO^C  BT  accuracy  require 


1 


. . 


17.  blNK  RATE 


ProcedarR 


Both  General  Motors  and  Francis-  Assoriates  rely  or.  a knov/l 
ecUe  of  ihe  rare  at  whith  their  BTs  v;.ll  sink  to  provide  a correlation  be 
tween  the  instanfareoLis  depth  of  tlie  BT  and  the  elapsed  tirr.e  after  Ire 
BT  has  entered  the  water  Since  it,  world  l-*e  econoinically  u .prart a il 
ti,  ir.dividualB  falt'orale  eac.h  3T  unit  ir  p-oduction  lots  to  deteririm  thr- 
e..ai't  lirr.e  c’erih  relaBorship  for  the  urn  the  BTs  r.ust  .x;  onifcrm  .ir.d 
[■  redic table  v th  respeit  to  sink  rate  if  ihp>  are  to  maintain  the  specified 
arrurary  in  c-epip  rri*a.i  ure menl  < ^ Ic  leet  or  2 '/o  of  actual  depili,  v-ni.’. 
e.er  is  nreatf  r). 


Sonu  change  in  sink  rate  wilLofiiur  as  the  BT  unit  s accekr 
from  Ms  zerc  launching  velocity  a r.d  as  'he  deployment  of  experd- 
a k-  Mjnal  c,.ndu<lmg  vire  reduces  the  BT  mass 


Since  tne  numoer  of  variables  involved  in  relating  t ir.e  to  i rpth 
a e n any.  i.  e BT  fk  w characteristics,  weight  variation  bel\/een  . n-i.s 
ci'.ange  in  mass  as  wire  is  deployed  launching  height,  wave  hei.,iit, 
fr  ee  '.vater  turbulence,  water  density,  etc  only  tne  apparent  ;r.a  ;or  pro- 
j'.eni  areas  were  selec'ed  for  involvement  m evaluation  of  the  expendable 
HT  connept  The  fadcrs  selected  for  experur.enlal  analysis  <ncluded 

Terminal  BT  velocity 
a Lnifurniity  for  a single  unit 

f)  Ccnsi.siency  between  different  j nls  of  the  .same  type 
rime  -or  oepthl  reviuireu  to  achieve  terminal  veloc  ’y 
jrTfect  of  reduced  mass  due  to  wire  ueploymcnl 
Fffei.  : of  variafiO;!  in  1 lunnn  height 

The  =nv:  1 Unlname  Lu.iota’ory  Undersea  ..eapons  Test  Tink 
VI  ntihxef  i.i  pe’ tor  tung  sinx  rate  tests  on  the  expend.!  Is  BTs  '’h... 
'a.-.,  ij  !')')  det*.;,  .lO  feet  in  'barnet2r  .ind  has  a nu'vable  pUitfor.-., 

■V  ucb  av  I e accurate  Iv  placed  at  any  de.sired  water  depth. 

i.i.inf  hill  ; detnes  were  constructed  to  release  the  expendaidf 
BTs  1 y reino'c  control  of  soicnoicl  actuated  release  mechanisrrs  Tn 
e;  in  awitchf-s  Aere  provided  to  .accurate. y detern  mu  the  time  at 
which  tlie  BT-.  ieft  tne  launching  plaiform  A hydro;-tione  was  mou’  »ed 

0 tne  ' .ova-  e tlafforn  to  deter*  tne  acoustic  signal  ;enerated  whe  t t .> 

1 Fs  .ifi,.<!  tie  plalforii.  surface  .An  e lent  ronic  cou  ter  .'.itha  I MC  tin.. 


base  vras  set  to  sl:art  covniing  on  the  triggering  impulse  provided  as  lie 
BT  left  the  launch  mechanism  and  to  stop  counting  upon  receipt  of  ’ne 
hydrophone  sigaaU 


By  this  method  an  accurate  indication  of  the  time  required  for 
the  BT  to  fall  through  a known  distance  was  achieved  System  response 
tests  indicated  an  accuracy  greater  than  +0  OOC  sec„ , equivalent  to  a 
BT  depth  measurement  error  of  less  than  two  inches^ 

To  determine  the  terminal  velocity  of  the  BT  units  and  the  v’nri- 
at'.on  of  terminil  velocit/  between  units,  three  of  each  of  the  BT  types 
submitted  for  evaluation  were  dropped  five  times  each  through  water 
depths  of  25,  5b  75,  and  100  feet.  The  times  required  to  reach  tise  re^ 
sprctive  test  depths  were  recorded  and  used  to  provide  velocity  data 
ihrough  analyiis  of  the  time  intervals  between  subsequent  depth  ieveb. 

No  wire  was  deployed  from  the  BT  units  during  the  first  series 
of  tests  because  the  purpose  of  the  tests  was  to  compare  terminal  B']' 
u.,  Uicilies  unde*  identical  mass  conditions.  The  effect  of  wire  deploy- 
ment was  then  determined  by  dropping  each  BT  throuji  the  full  i -u’  test 
depth  V.  ilh  wire  being  deployed,, 

.\il  of  the  wire  in  one  E5T  u.-.it  of  each  type  \-as  thc*n  rei  ..■••o 
and  11. e BT  used  to  repeat,  the  first  series  of  drop  tests  to  deter.- 
ciiange  in  terminal  velocity  due  to  the  loss  of  wire  mass 

series  of  tests  was  planned  in  whicli  the  BTs  vould  !-e  dro..  pa", 
from  varying  heights  to  determine  the  effect  of  water  surface  ti  net 
upon  the  BTs'  velocity,  but  the  hydrophone  cable  was  severed  1 y .«  BT 
lit  before  the  tests  could  be  completed. 
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^3.  Results 

Sink  Rale  tests  performed  on  General  Motors  and  Francis  Ar- 
sociatv;s  ’?;xpeudab  e Bis  iudicaied  that  the  required  depth  accuracy 
i . 15  r .et  or  2%)  can  be  achieved,  but  that  the  attainment  of  this  accu- 
rocv  /iR  require  precise  control  of  ’.veighi  and  dL1r.ensiO4.aI  ta’.erances 
of  .MxlucUo.'i  BTs  IS  well  as  on  accurate  analysis  of  the  .vianv  f.actor  s 
1.  fectin  ' sink  'ate 

The.  r.»suliS  of  sink  rale  c Vc.li’.a:  ion  leafs  i>erfcri  . *d  *n  the 
N O .4  Und:.»  uea  '.Veapous  Test  T.ank  are  as  loUov/s. 


0 ;e  1*3^3  ir  rrninal 
eloci(> 

li  ...ixin.uiK  deviation 
in  averr.'^e  velocity 
for  a sir.pie  unit  in 
5 drops  of  100  ft 
each 

r Ma-<ii  ,u;r  vari.ation 
in  nvera  ,e  terminal 
vt  iocitv  ( tv-'ec  ' 3 

..  Ov 

1 Ifaviadon  n ternu- 
-■V'l  vcicr  U'-  .vh.;;.! 

■ ('  "'i:  '.•me 

-»  I.,  - •*!  I .al 

VO  ’ n:  I ty  I 'l  >■  tc>  L>3ss 
■!  ill  .It  c;’.''le 

r ..  f.;  eo  r.’  lul.-ed  to 
. . n . . U'  r n 4 n a ’ 

n-  ;ty  '.v^ien  ’■a.iric  1- 
. 4 T HU.  face 


General 

Motors 


16..  2 fps 


C3eneral 
Motors 
Type  B 

I'l  1 Ips 


Fi'r4Cia 

\s  '.oci.ate 


.15  -1  ]■):'. 


C.3*;: 


0 V ' 4 


ne  fli  ibl>  - U-ss  fhm.  0 


lcs.n  than  25  i'o'* 


The  derree  of  ‘ermina’  velocity  cjrrflation  let  .'Ocn  idci+.c.'l 
ants  would  be  betipr  than  that  indicated  by  these  test."  if  t'.o  u 4.»s  c 
lave  jeen  Inept  in  ihrir  original  condi  ion  ihruuqhout  tiie  fr.-utin  -K*ricd 
In  'act  of  the  unit.'  '.vU!.  the  tank  phatferm  caused  son..  la  ■,  tf  .■•.a  h 

>f  fh.r-  T 11. lit,  after  repeated  leclr  drops  AUhou'h  lac  i>  . i-  to  1 le 


1 .i»s  wat;  relatively  minor,  sorre  error  was  ii  duced  in  satase-iuer.t 
ests  due  to  changes  in  fiosw  cha ractorlstU  s in  the  f ase  of  damaged  B is 

The  maximum  t*rriiral  velocUy  ''aricdon  x't.vjeii  inentv'al  BT 
ir.its  was  less  than  4%,  'Ic  rre-t  the  dept  i sp<  irifitatio  i of  12%  iccu- 
-acy,  It  may  be  necessary  to  correct  for  the  effect  of  i iSvSS  redui  ficn 
doe  to  signal  wire  deploynumt  .aonch  heigh’,  and  o iir?i-  isely  iaiex  toe 
instant,  of  impact..  The  lirar  of  ti  e effects  oi  n si  u < c 'ditions  oo  lue 
lermina'  velocity  are  not  p"eciBe  y tnown  at  t lis  time 

Tiese  tests  were  performed  in  fresh  A»ate  a slightly  different 
terminal  velocity  is  anticipated  t;  silt  water.  The  resieriive  BT  mar.u* 
facturers  ire  presently  engeiged  m further  exferinentsl  and  tneoretical 
analyses  cf  sink  rate*  ;ha 'acte  ns  ics  Until  f ral  time  depth  relmion 
sliips  nave  been  submitti  d .oy  the  manufacture ’s,  t.iorcigh  annyf  is  of 
depth  accuracy  paramete''s  is  beyond  the  scop?  of  he  pi'i  seni  e..ilu  tioi 
orogram  Some  additional.  indieaUcn  of  BT  d<  pth  arc  i acy  .s  .)  cvrieJ 
.ly  the  field  evaluation  phases  thin  report. 


’ ‘ ’ ''  ’’  ‘ ■'*  1 


:.-bl  ! IV  units  \ er(  5,;  !i  atf'd  it  333.  atoarc  ta_*  USN3 
( !i  . .h'.S  ri-  c - oL'  date  'xil  pha  'es  cl  t sf'rg  per'crm-jd  Ln  tiii  lahora- 

t ' :.i  TO  r.r  .v.dc-  a fi  i£  I res'  h-.j  rts.  ;j  u,.df  :•  actual  operaliC'nal  ccn- 

d t,  : = 

i .i  )vt  111  I Kniirei  len?  ci  a;  f e-ld  tcrtln*^  proria.  i v.as  t t? 
c'  r i ii  ::  •'  i ?li  iblt!  lata  on  iiu  e-iep-  .'e laliorie ■ i ’s  :u  : 

1 s V area  ' he  U5J'  5 lUl^l-lSS  w;  i cios€'C  as  a testing  fac  .Iity  b; 

ciL;e  at  i s ■ ..•re  1 ca;  ; ca.(ja ’.LUty  '/he  ‘o’'^  speed  lesis  u o uced  nr  ler- 

V i;  *0  i2  5 nets  F'a;-t  c-:  lesir  at  speeds  up  t'P  ^ 5 koovs 

\ a .?  cor.-;:  1C  -'"i  -i:  "inp  ^iiase  7i  cf  ‘he  cvolcrtioii 

Ten  p u'.  >f  .-'re  Francis  j-sr  kTucs  and  'jenerai  type  B 

e v[  ;-pdr..jle  T. • a.  d ;h;0';  3.^0  ■ of  the-  B Iv;.  type  A and  Ba.-si:  D«  vires. 

1 c ;;u  i;r  we??  .ii  Unec  i 1 field  test.  1 in  iddit  on  to  the  3h‘  urits, 
h .1  ! 0?i:cral  . 1 1*..  *3  ci  d ITar.cis  Associate;;  su:plied  strip  char:  re - 
c i'«  IS  -tud  !;  ' .PC  .iry  a'-;litif£  for  uj-.e  ti\.“  field  evaluat  01  progrnai 
Cr  'va;  ’’o'  Use  \ ■oscillo'r;  1 oh  tc  record  the  £>T  signals  A 

supr.  ti  C'-in  . ■ r he  C j l shipijoaj-d  cauie  '.anlslers  was  also  capo  e'i 

Fra  Cl  - isa«'  a^es  si’.ppUed  n iiris'xl  strip  chart  i-e'oroer 

V h 1 -010  bee  i rrv  dlfic-3  ay  trio  :ic ditiO'C'.  cl  a non-linear  resistance  s d.>- 

\ ii';  I'.i  ro;:n  :"3a^3  for  the  no  lUnauri.y  ci  Iheir  ST  thermistor  e le  me  n 

1 h..  '■  -T  CIS  I ' ' Ir  unc.*-  .n?  i ni'  consisted  ' f a six-fool  tube  v/.iirh  ecu  c 

i;  ? i c pired  to  any  convriiient  ^ailin  ,r  .s’l-chio.!  abcard  soil  f^u  ci.~ 
i r n riv'  Fraicis  BT  as  a.cc omplieheil  by  placing  the  unit  vita  n hi 

I -Te  ■ of  thei'  lai  rich;  ig  tube  anc  I'strc  cling  a.  pin  that  held  the  3T 

V it.iin  the  shi'-  oa  *d  caale  car.i.ster 

The  >'  ena  Y a;  e.s  cf  a ivlcsely  X '^''  ’ecorder  (iVlodei  2D  wen 
L sec:  lx>  re  cor  I ' .hp  pre.  sure  a id  leaioei  atur?  si.gaa’  outputs  of  tt.e  B-  su- 
I e.  .ces  oiper  dablr  '3’>  s ’’’hr  Bi  sic  '>*\-.e£S  units  veere  supoor-?d 
f ‘C'l  t 3T  v>  ; ,ch  ■ ocn-  and  were  'ai.a:h?d  rv  severing  a core  which  .-e 

t .c  -.fd  :!i«  I;  / f 'o;  1 H li  oi  oai  d ca  ,1?  can  s'.er.  Since  the  Bi  iic  Uev  c » 

? t;  r : iC'U  iioi  -i  on  lax  -£,01^  esfed,  ai  .:  t;  .np'  vas  made  ic  teuip-i  1 

i i If  ■ i-.p:  T-ale  ' jnu.r  ’:?•'(.  r.?  Uu.nt  .1  a;  iiy  plac.nTihe  ET-;  ri'en:  tt - 

i I ’ a DL  U ct  ' 'U:  anc  ./arm  ’ •atc  r,  r a liraitlon  points  wer?  .str  olis  p 1 

^ Cirjct  '/  CM  ti'  <-  { 'c > 0’*der  T^‘'e  iinina  p/  'aberatory  pres;.  rr  tt  s*s 

j hod  supp'iec  fX'^’Si  ure  -crrolstion  data  w.dch  was  utilized  • .lii  iulii  1- 

i L ig  u'uBsurc:  is  3n  tl  ’ r^coi  dci  , 


j.  iCi'  le  di  ta  r r.'jrdinj  unit  3 ij^i  it  ;i  by  ..  and  F rancis 
A,  St!: 'ia- es  £.r  . ntr  lece  sar.ij  smuiJi  Jrneni  whici  will  be 

Uceci  in  co  iji:  iort  with  proc'uftiori  -e  : lutions  v/ere  tal  en  o in- 

fiL-'e  Uial.  iiur  :)■  s in  s'ripjoard  p-c\/- r c nfo'.y  would  not  be  uet-  i- 
m-.-n-ai  to  (he  ,ia  vacorling  process  Lir..-  ■''oltage  reguiation  to  117 
Iv  and  freq  k coy  regu.a  .Lori  to  GO  cpa  * 0,  I t'ps  were  provided  for 
ih.'  Erancis  roc  order  ’he  fjynchror.ous  motor  chart  drive  of  the 
■’lancis  reco-car  cause  • chart  speed  to  je  diiectly  de()endent  upon 
i’  e fraquenc:  and  ihus  eoth  (liming)  acou'acy  is  directly  depencent 
upor  the  freq.'.cncy  regu  a ion  aval  a:  le  cn  loard  e.  given  ship  The 
j r.i  record.,  r provide.  t .nningUres  \ h.cl  are  independent  O'  line 
:r  quc  ncy 

Since  lire  major  nsirpose  of  the  I te^  1 evaluation  program  was  1 i 
pr  n id'3  data  0.  the  accuracy  of  tcmp-ei  utu' e-cepth  profiles  produced 
A tl.e  expemd-3  Ij  ETs.  .most  tests  w.sr?  c:nc,.cted  on  station  where  a 
"•e  da -ole  teinp’-  at  ur  e - de  it.. i profile  supplied  m Nansen  casts  could  be 
.ro.mpared  to  h‘  B1  dai:  A region  of  rclafi  'ijly  stable  temperature 

:c adit  10ns  wa  = selectee:  is  a lest  stc.iic!n  r;  t expendable  BTs  were 
e jt>  .1  over  •?.  »■  ree-houi  period  with  Nars.^’o  casts  talcen  befors  and 
.if  e"  ■ 'le  iesT  p*riod  to  j r-ovLde  data  on  tlie  teniperature  stai.ility  of  ♦he 
voter  mass  -even  G M,  BTs,  seven  Fra  ici.5  Associates  BTs,  and 
•h-ee  Ba.3‘c  Do'/iee  BTs  wjre  deployed  daring  this  time  interval 

Tie  remaining  iST  units  v/.»re  deoloye  1 from  the  G1  BLISS  at 
12  5 knots  to  p-ovide  da  a on  unde -way  cpe  rr.tion  Three  Francis  uni.s 
!•  d n.'e-e  G hi  units  u'<  re  deployed  durmg  a ifteen-minute  pericxi  lx  ■ 
'ore  .e  G'LLl.dS  was  sc  .ic-duled  to  talce  an  oceanographic  station  The 
tr  dei'v/ay  sests  v'?re  covducted  on  the  edge  of  the  Gulf  Stream  in  a re- 
,i.>n  :1  sharp  thermocl  es.  All  BTs  were*  deployed  within  three  nauti- 
cal n.i.es  and  one-half  I our  .of  a reference  Kinsen  cast  station.  The 
dam  provided  by  the  expendable  BTs  in  the  uiierway  tests  was  not  ex 
pected  to  agree  exactly  vith  Nansen  cast  data  because  of  the  relativel'' 
at  stable  water  tempera’ ares  The  data  was  used  to  analyze  BT  indi- 
ct li  7.1  of  a sha  'p  thermi dine  nd  to  ched  general  correlation  with 
7ieuuma  ly  sn-ble  deep  wa‘er  u npera'ures 


M>i  I ii>  ^ 


r<‘  all  .f 


Tlij  i . ;jei  'ablo  B]'  '.ettr.  cond  'Ctecl  vv  th  the  GCLLIS3  .love-to 
5;  3\  .?c  Lr.  <;£.n,ral  cor  reladoas  betwceT  CJJvI  and  Francis  BT  and  Nat.-* 
sea  C:i!5t  tlata  v dlii.1  tUe  iccaracy  rar.f»cs  spec  fled  for  the  expondablc 
3 's.  Three;  5,-oi'il,?s  to  tho  desi;;^med  r axiLirm  operatin^l  depth  of  15('' 

,.’e  vt  The  otter  tl.iee  a lits  provided  accurate  data  to  over  "O  J feet  !)•?• 

'c  'e  'he  BT  s.jraal  )ec:.i  ie  erratitv  T e temperature  traces  produce' 
t :e  three  units  v^l  icU  did  no.  cpt  rats  ccrrectly  1o  full  rated  dep;h 
3'  o'y/ed  contirLDus  .emp  ;.r3turs  profile  5 do'.vn  to  a poirt  on  t.ie  trace 
.V  e •:  the  retceded  sigr  al  vvas  siiarplj  deflected  and  showee  'rlgh.y  ?i-- 
ritic  .ehavlo  • Tl'is  ei  raUc  bebavit''’  was  probably  caused  by  sea 
'.V '.tc  r 'eakajje  'iroi.gh  ■,  c sig''.\l  cau.'.e  Li.siTat'vOn, 

On- 5 1:  t on  tes’  u(:  o'  the  Fran  ;ii  ET  units  provided  sntisfact: ry 
T:  ?i.;c  i ’e  p ufih  s ov  :r  a l.n'ted  ieoih  rs.nge.  Ovily  one  of  the 
F 'd'K  ' :.r.i;£.  : jcc’*.  edec  i ; eperat  vip  t > he  full  uSOO  foot  dept  r.  Tb.e 

F e ■:  '.pr  ua  f:  ;r',c  h si:.  r.A/sd  a aharact ,:r  iidl:  s'mirp  offset  ir.  t ie  tem- 

0:  v:.  . 0 I'l'O'.  i ?.  a:  dept  s reaping  f 'ui  i k d feet  to  1100  feet.  Wiien  ^ le 

F -au.c  : . u rs  c n;  uset  cn-3t?tio:i,.  v/  r?  fror.i  the  shipboard  sable  enn- 

i.-  rn.  ■:d  c ;ay  out  ( n the  ater  su  -fice-  ir  small  coils  wh  oh  nir.y 

n:  vo  n .oe  i ni.r.'s  at  ;hs  vdrs  was  p tiled  aeneath  the  sea  surface. 

3;  o;‘  .-kt- ub;-:  rorucud  b”’  klnl-lng  of  tiie  nign.nl  caale  would  e.rplsin  the 

3 a.'i  Free  cli  .plai  ein<;  its  noticed  on  ...lost  of  the  F’rancis  ET  tempera 
re  prof  ’es  '.Vl:<  r tb.e  I.rs  are  (.iepl-y?d  frc'm  the  shipboard  caole 
Cr  nif.car  .ircn.e  is  tne  fc  rnatlon  of  looi:s  in  t.!in  wire  and  thus  die;  pro- 
b er  IS  noted  in  on  - siat.t  n ieslLiig  sbf'u.d  n„t  be  present  when  rnde  rway. 

T il  dmci-y  is  .supf  orto  1 liy  the  fact  that  all  'bree  of  tlie  Fraaeis  BTs 
w il  •-*  vvera  di?  dovf,  d ar  12.  5 In.ots  aoh  eved  I >00  fool  recording  depths 
w tboat  apparent  pi  oble  n.s. 

The  tlr;e  Basi  : Ee/ice  eipnndfble  BTs  tested  on-.stuition  did 
n t produce  ar/-  u.s  jfiT  * a a.  /'llhuu ;b  the  units  appeared  tc  eperate 
p o •.‘.'"ly  v/he  ■ t ’.st  td  or  d;-c.i,  the  dr  p o/eu  units  oroduced  te'nperatu  'e 
a d (i.;-p1h  slri  .s  t ear:  g tic  rrlatlcr.s  ip  to  :he  conditions  acvualiy 

p . n 


■’rai  •:  £ ~ d Gf  I o>;pe:.daklc  3 I’.s  ve"}  also  deployed  it  a siieed 

O'  1 .)  h '.Ob:  i • do  e:  111  a*  'jndjrway  cue  ratio  rr.l  rharacterist  cfs  A1 

t rr.(  cf  be  i'.h  '.r.c  s u.i  ts  used  undorvay  priKhiced  ternperatu-e  pro* 

fi  e ; >.  nich  nu  .'eh  ted  ; atisfao  orily  .tn  a _'Ir.nsen  cast  taken  la.ter  in 

f ? :a'  le  ga'no  t.i  t ;s'.  n 'ea... 

Under. vay  dephyment  of  the  C'lv;  3T  units  i*evealed  a probler 
IT  mi  itte-ining  sigral  ct  ole  continuity  as  the  BT  units  impaced  on  the 
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.vater  surface.  Of  trie  three  G?»C  units  tested  ir.derv\£.y  :)rih,  o:ie  unit 
routinue'l  £0  transmit  tempo tuiu  sign.nls  £.:.‘ts  r iauncii  v;,  t i.s  .e- 
leved  that  the  signal  failure.s  were  caused  by  jxoe  usiv  cable  strt  s.  c 
11  the  region  where  the  .3‘.r  and  shipboard  cab!  is  are  ;c  red  and  earn.;; 
to  a surface  float  i nr.. 


Low  speed  test  resiil  s are  presented  in  T ible  I'ii  aid  the  sar 
= >:eendauU;  BT  tempe'^p.ture  p’tif-ies. 


I I 

-ek:;  :^b,;.e_B£  tlh  T.iEFiNiQ  ri;.^vEn  evaluahon 

^ase  _y  2 1 ^ esults 

L-  J-'t-i  ion  cf  >aasi?r  Ca£t  B>:pendable 

Tea  £• ; rciture-  Depi  "i_  F r of  i '£;£ 

'••  Tafts  ~ 1 1 JuiK-  19G4 
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t I’rar  c 5 3«oc  Later  1 '.\s 
ihip  soff!'!  J?  5 A lets 

y.-iL:_-it;  :•  •£ 

\U  tiree*  uri-ts;  operated  sat i sf  ic U:r ily  tdrougli  '.he  iesin; 
ed  l;:)th  ran  of  '50C  'eat.  Indinatic  a o:'  the  sdarp  t'lermoc  i le  pro;e  it 
a'  T'e  te  til,,:  area  appeared  ?Ace  lent  N..ri32a  cast  data  ind  cr.t?d  i 
I n peraiare  ■ entl  pro.  Lie  in  the  deoo  v.a;,  !'  regions  similar  .o  t.iai.  oo- 

t .ii-ed  7/itli  t:ii^  HT 3. 

I (.-enera’  J’  cters  B7  s 
Ship  SToo  -vd,  1>  !•  is 
Urmt.  te  !ki  B 3S  , 1-2:' 

li£‘_30j_5  V.  it  B -2:  f jnetione  I i r '03ri>  to  a deptli  of  GO  Idet  U'its 
j - 3 ami  1:-;  steeped  opars.t.rg  ot  i>’a'ei  i/rpact. 


A ^ f>  r n /I  -r*/  // ) c: 

( L.  mr  L.  Kn  / ^ ' t\u 


ii-CxIl  :’IEL:>  7Bs;; 

A,  i’roce^ure 

ExpenHablf'  ET  testa  covered  earlier  in  this  report  had  bee  i 
3t>a<  orned  larily  with  concept  .-easib  .lity.  Units  developed  by  Geiijr- 
al  i\  otcrs  and  iy  Francis  Associates  demonstrated  the  ability  to  producj 
at  Cl  rale  temperature  p;  ofiles  at  low  to  moderate  speeds,  though  scm; 

01  ol  lems  tended  to  Umi  overall  perfornisnce , A second  series  of  flslc 
te  ;t3,  involving  higher  tperating  speeds  and  more  severe  environmeu ;a 
ccnuilionsj  was  conduct  ?d  to  provide  fertrer  information  on  the  overi.,1 
caoabilLties  of  ;he  ET  s;  stems. 

At  prejent  the  ’e  is  no  capability  lor  accurate  oeterr  linx-tion  ol 
tenvierature  profiles  while  operating  ah  hign  speeds  (2D-30  knots),  al 
though  an  accu  'c.l.e  detm  miration  of  <he  ocean  temperature  profile,  Tc. - 
;c  moarison  puri-oscs  c onlc,  have  been  ojtsir.ed  from  reversii  g thermo 
m’t.rrs,  vessel  scl  eciu'.  ig  Umi.tcd  the  iiigh  speed  testing  phase  to  thie  use 
of  a 1 S isav  ■ bestroj  er  on  s "not  to  interfere"  basis  with  ttie  linrAtc  d 
ocmoiirison  d;'a  supplied  zy  mecharacal  ETs  and  salt  water  ii'jection 
te  nperature  ."i-adings. 

Previous  field  'esling  ;ndicated  that  radical  departures  from  ic* 
errnte  teiriperature  pro!  lies  would  be  acce r ipj.nLed  by  erratic  recording 
of  expendable  BT  data  A ee  san  pie  BT  tiaces,  pgs.  _39_  and  _4p_  ) 

Ara  ysis  of  the  BT  data  ^as  therefore  bsse  J on  the  continuity  of  ten.pi  r i- 
tu  'e  profiles  and  on  con  parisoii  of  triices  cb>ir.ined  by  several  expendable 
3'ds.  all  dropped  d ming  a short  time  intorval  Although  no  absolute  le 
:e  -mination  of  the  existing  ocean  ten  pernturi’  structure  was  made,  an- 
al  'sis  of  the  expenc  able  BT  traces  with  reference  to  information  obtain- 
ed during  prev  cus  tests  provided  a good  indication  of  high  spe  ed  opcri- 
ic'nal  characte -istics. 

Prior  (■  the  test,  five  of  the  originally  submitted  type  ’E"  I'sbif-- 
ocard  power  sioplyl  and  two  cf  the  type  "A'  (self-contained  power  >■ 
pi/)  e rpenclablf  BT  urili  were  returned  lo  General  Motors  at  heir  i »• 
4u»sl.  These  i nits  wer  subsequent!’'  mod  lied  to  provide  imorovec  sig- 
nal cable  contii  iiity  M >d;.rications  cons.steb  of  rounding  off  the  edgei  cf 
ih  * ! urface  float  <F  ,g.  3 pg  b ) and  pc'ovidinga  protective  s leath  of 
plus  h'  tubing  arout  d the  signal  cable  in  :he  region  where  the  shipboar  j 
an  1 I r signal  lables  am  connected  to  thj  f oit.  In  addition,  a short 
le  glh  cf  proteited  signal  cable  frem  the  shipboard  cable  bail  v&s  coLljc 
'vi  hin  toe  float  unit  to  pcrtially  absorb  water  surface  impact  f hork.  :i> 
ad  liUonal  type  "B"  units  were  supplied  to  bring  the  total  numter  of 
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(ie  le  II  IV'-otor.^  HI.'  av.i  Iphle  for  !i,ii-  .•[  eri  tjiitLng  to  thirt^e  i. 

Fr  a-;  L3  Assoc, .-..tes  expe  idobLe  in  :■]  six  new  units.  'v«:*n  a'j;  j 

uti.ircd  during;  his  ^est  t base. 


The  exiendible  3Ts,  tlieir  assofiai.ed  recorditig  and  Uuncnin 
equif  nient,  and  v^irious  items  of  test  equipment  were  loaded  or.  board 
the  IfSS  SAiJFL3''('  (OD  4 35)  in  New  Yor!c.  The  33T  recorders  weie  set 
up  ir  the  SAUIb  TiY's  torpedo  room,  loc  atec.  approximately  am  idships  y 
t’i€  r ain  deck.  The  Francis  Associates  >j>:pe  liable  BI  Liunch  ng  tube 
\ a.s  nountod  d.  'ectly  oof  osite  the  pojh  :orf)edc  roon,  hatch,  w;th  the  t.!u 
£ic  ir'g  4'5  degrees  fcrv.ai  d from  the  sujen  ana  depressed  45  de,  rccs  fion 
t i€  h. ri-ioiita.1 . Ca)  brat  on  checks  v'er  .'  r.c.c-.e  on  the  str^.p  ciart  i-ecord 
iv  su  ipUed  b'>  ' 'rancif  As^ociaies  iud  ur  General  Viotors'  oscUoTric  n 
P.oi,a  3T  sig^_  " 'Cc  rde'-  5 vere  operated  oi'i  ti.f  ship's  110  vcit  ijO  eye.; 
fO  /ei  .sup')!','  •.  i i 50  at  .011  tninsfciT-.e  r was  provided  for  use  w-th 

Frur  ( .s  .ms*:-:  ■.■enj  .s  rii  oiiait  lenoj-d  la.;  was  found  not  tc  je  necr.i 
fay  01  .s.itus-'a  • tor  / c.pe  rv.i.ioi'., 

Tue  sh  p's  lO'.ve  ' 'vas  continuously  mcnitcred  during  the  BT 
tef.ts  Ti’ie  f.."eqjercy  5/ is  fcand  tc  be  regulah'a  to  60  cps  If',  f op^; 
vo  ta,e  reine.inf  d w thin  i range  of  112  vc-lt.s  ^5  volts.  The  c rj  sta' 

CO  it’ oiled  ''imiiig  m ichai.ism  of  General  Motors'  oscillograph  can  tole  ■ 

£ tf  ranges  of  li5  vclts  10  volts,  and  60  cpj  ^5  cps  without  adver.s.' 
efi  ;ct  upon  data  acc  irac; Since  the  synchro  i3us  chart  drive  m-itor  it 
fTancis  Assoc  ate, s recorder  relates  chart  s.peed  directly  tc  lino  fre- 
*,uency,  the  *-0.  3 *':ps  d ivialions  in  the  ship  s power  supply  would  pro« 
du«'e  errors  up  o 0.3  per  cent  in  the  B T tnice  depth  accucc  cy. 

As  in  , r.-vi  jus  tnst.s  General  M-nort-  BT  inits  were  l.iunched  b ’ 
tarovdngthe  ro  irec  eo  ET  ar.d  srriaep  I>jt  ns  far  outboard  as'  possibl? 
v’h-.lc  hcldi'ig;  ■'  ; sh  pl<c£. m calrle  cm .3  e'  over  th<  s’nip's  side.  The 
I’r  ircis  Aascr.  -.irs  B'"’  inits  were  lepl  -yel  through  the  Franc, s Associ- 
ate 3 li  1 H-tiing  t ibe. 

AIL  Fr:  -'Tt  A.33)fLa1e.s  BI  uni.s  wti'i  equipped  with  a three-cor  • 
c U'  to.-’  sig  lai.  ■ le,  o le  of  "he  condu-’.tors  being  used  as  i giom-J  j’etu  m 
Frovii'.on  ha.s  i.  ?en  radt  i 1 tie  F.anc’o  itssc-ciates  BI'  system,  to  el.nii- 
ra  e t’.e  third  conductor  ly  using  a sea  witer  letu.rr  from  the  Hi  .mn  o 
tie  snip's  ground.,  The  w > wire  mode  o'  o.ieration  has  ihe  ;id /.intag;e  ot 
re  u--;;!  BT  ro3t  and  pro/i  ies  autom3Uc  recorder  operation  1 ; triggering 
th'.  recorder  chart  drive  when  the  ;3I  tnit  males  ecntact  with  "he  w;.in’ 
Eu;  face  Both  the  f wo-v  ire  :ind  the  thi  ;c-wii’t‘  modes  of  operition  we  *e 
tes  tec! , 


•^<:2  • 


A 


'(  jf-rutaDlp  B"'t  ,.viP  tesiec  ‘ a six-day  period  it  var/- 
r ; i'  d I i r.  , in  v iryir  g sea  s tat<*s„  irili.1.  testing  was  coiid  rcied  at 
k : i ’!  . seas  Because  tlie  I S 5 i^A  C FLEY 's  operational  sen  »c  ' 

,il  ■ li.i  !>c  : iti  ’i  ■ 'e  jubsa  qiieni  high-spi'e  i ops-ration  all  remaining  tests 

M r x'l'i  orn  i-  ! at  spc'’  Is  oelow  T'veat/  <r.ott;  Tlie  sea  rema  ned  rela 

I e > <i'  n I'.M  in*  las  a\y  of  tenting  wheti  conditions  up  to  sea  state 

I e 1..  re  ei  > iprei ed 

• 's  o!  da'i  ./as  based  i '.iraril/  on  comparison  of  multipU 

i ' I ' 1.  ; i*d  dur  Mg  si  or  t ti  r.t  i it  *iMal  j and  on  observation  cf  ( x 
aa  I*  .1  I,  iC'c  lehc.'  i».r.  A.ny  ap,  t a 'a  ce  of  highly  erratic  behavrr 
r tl  . f ri.ii  ‘.a.  jiid  ed  to  tern  inrl'*  It  i;eful  portion  cf  tae  ten.pcri 
i:  c-  )fi:e  hough  mT.-aniral  BV  t aoea  aid  sea  water  inj»r1ion  tem- 
)(  r;  iiicps  w?if  oulainec  wherever  pem^ihb*.  tie  dubious  accuiaty  of 
h S’  I eosLi'.’  iieiMs  rci  dered  them  uasi  ii;<c  e for  use  in  analysis  of  ’ lo 
. • > j<  i'...-£r ble  3 I ra<  es. 
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:ura’ej;’  < i d?et  :;e,'  '.c'coni  :h2  t tsx.  au  ii  i'ecorcling  rati  for  tay 
ti  l p ;r.ita  ? a i;  age  is  in  35  foet  cr  1 V t-  per  foot  of  dep  h,  Syg 
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2,  C'.  oral  Wot  >r-3 

Til.  mocliiiec  treieral  Mo.:o,-£  e ipendable  3T  units  perfoiT  - 
ei  '.i  uiiicaii'.la  oetti  r Ih.r.  oerlier  mod  'U  tr';t*d  during  Phase  V ofPi? 
evi  liaaon  ,5c  . le  signal  fci  E.nsnriissiou  prob  en:s  vere  still  preseit.  sa 
evidenced  l;y  tb;.  relitivey  [loor  pei'formi.m  e cf  tiree  units  tested  at  2'i 
kii  t£ , out  three  of  the  si  c new  (serial  I'd  I i rreugn  BStil  Clenei'.'.l  Motrrs 
u V £ iperr. ted  ■;  i die  full  1500  fC'Ot  designed  de;[)th  at  a ship  spe  *i  of  ;.5 
to  3 nets.  F : ILabiUly  , if  t in  nev/  Geat  ral  .'/io'ois  units  waSj  n gener' 
ah  su[.  rri'.r  h hat  of  th.  u odif.ed  olier  units  (see  Table  IV,  .'g.  U?  ■ 

£c  n t.'r!  ne  .V  e :;endab>  BTs  and  the  oiler  mils  had  been  mod. tied  frc;n 
t ie  o .•i,;inc  ll-y  .a  tmicted  n-.>'';el:3  to  [irov  de  j reader  signal  calde  proU  n- 
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bda’  or  is  er- i lidif led  I y 3 Idnn  noise  eve  <,iperimpcsedupc  naiap- 
pueiil  ’ norn'id  it  are  j'l  hewed  L / siai;*  rr.ice  displacements  it  great 
e ■’  If  (I.  'be  ! Oise  ore  nnng  n th.e  .d  trai  as  is  actually  a sei'ies  of 
s i:  Tg  rancMii  . s ; lacemt  nh  of  /ar/it  g a npli  u de  and  could  be  exf  lain 
e 1 )j  . ter  oi''.ie  li  siocr.i  g cf  the  jignal  cable  tnrough  small  leaks  in  t.  e 
r il  I?  fiuiatic  1 Sharo  [er  nan  iiit  trace  3i.-p".£ cements  would  more 
p 'f  Kbiv  b'  ca  Joed  by  r.n  nfbete  resisiui  'C?  breaJccowns  or  by  a'tual  fiart- 
ii.f  of  the  i ign:.l  ruble. 
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i r :ij  ! o'  tiie  .'s  if.cr  psc  «.ge  j.nil  . e .ght  dioti  ibution  < orsidM  • 

1 o i;  £;  1.  il..  :j  it.  at  \ -c  ''Liitig  a slabls  atti.ud  : (to  prevent  tonhii  ig» 

•I  i . •,.?  1 

i I ay.  :0  'd  In  ■■  1 ; liousin.g  auc;  c’e. u:n  of  to5  sensor^s)  i.hctid  jf 
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APi-ENDK  n 


TE:>T  FLAN 

EXPENDABLE  3ATir"THEBIVjC)GK APH  (1:T) 

The  objective  cf  this  ;est  pLia  is  to  determine  overall  opera- 
tional capability  of  t.ie  EJxpendable  Batliythern.ograph  Laboratory  and 
field  tests  have  been  desigred  tc  doterini.re  its  accuracy,  repeatability, 
and  reLaoility  Test  results  ohal!  e compared  v.  itn  publLsiied  specifi- 
cations. Tests  shall  consist  of  .he  foUo  ving 

1 Temperature 

2 '^'hernnal  Response 

d i’ressure  Effects  o.i  I'horrnistor s 
4 Impact  Shoo  t 
ii  Sink  Kate 
I)  i'Teld  Tests 

Fari'.it'.fs  to  oe  used: 

NA70CEAN0  Instruif.er  tatmn  DLvis  on  Lahoiatcry 
Nav£  I Oi'dnance  Labo.a  ory  Test  Tover 
'jiijfi  capable  of  iO  knots 

E ' jm |3 tr o .t  to  be  use d . 

Two  AMTNCO  'ortaole  t3i  '-trcfature  baths,  range  to  71*^C,  ac- 

cui  acy  ^ 0.  I'^’Ck 
CYic  Hydrophone  with  an;f.  .d 

\le  ’cury  in  glass  s ai-.c£ri  li-’errnorr.eter  j . ran;'  - . ' to  4C^7  v/rh 
0.  I C scale  units 
C'ne  vligital  voltmeter 
On?  digital  ohmmete. 

Ckir  reccrder  fBrusli  '.'.  r ; 13)  ny  p j'nv.-io  it) 

Ox  hydrostatic  pres.n  te  tn.,k  v/irli  e> ex  i al  Ifj.id-m  lor  te.tr  to 
Sc('  psig, 

electronic  counter 
One  .DC  power  supply 

Fdi  rioated  sw itch  to.;ef  . D I'  rack  ar.d  rr ‘ease  ■■  pi’haai.sm, 

,UU c elliineous  hardv/nre 

1 Abs  c luh-  _T arnperat'ir ■? 

\ !i*  ;t  for  iiy  ut*m  ari'  u*a<  j in'l.i.i'n  ip-K  e da  !r  i recerdeL 
rrj  rterron ‘e.cti rn'‘i.»  i(  r • 


I'urpose:  To  deierniiue  syt^.eii  accuracy  and  rept^i.vabilu'y  over  Iho 
^pecirieci  temperatura  ran,;e 

Synopsis'  Expendable  units  to  he  tested  shall  be  totally  immersed 
in  the  Atninco  controlled  ternperatire  bath.  <!'onnection  to  the  recorder 
shall  L e rvade  via  the  interccnrc-.-ting  cable 

Each  unit  siiall  be  sahjech'd  .o  <lu-pe  tem peraiui'?  cycles  over-  ihe  ! 

range  from  0^  to  3C'^C„  Tenipcratare  readings  shall  be  taken  at  iner?  j 

nient;}  ci  5”C  with  three  readir^.,  at  ir.creasit  gienpera  ure  and  I’-ee 
3*  lecreasing  tampeiature  I!eo_iugs  shall  bs  ecovvied  fo"  rorrmarino.. 
with  ape-cificatiens 

a.  T^aipmenl  ■ 

Aminco  Bai  h 

0 to  iO°C  thermomete.  • i'^C  graduations 
Digital  DC  voltnieier 
owitch  bo.ee 3 
£'T  rack 

racision  DC  peu  'v  r.  p ily 

t.  rocedure  - iB’l's  are  t.  be  (ju;nuf‘re  J to  ! bl 

Five  BTs  ot  a sr  -le  - a .a'ac..rn:'  a:  e o in  ball  at  the  \ 

same  tirie  Ifro«)n:  in  1 at  i sc-ailaole,  addtionrl  tots  .3^3  to  plac  - i 

ed  :n  t-?  batl  at  t san  e ;;  'i  DTs  are  to  jp  sepv.ralt  i by  rarb  1c> 

sllu'*  k « ? ci'Cula'.mi  of  r ji  ..  The  i neit.ie  te is  to  ce  ftliy  in  m-its 

ed  ar.u  be  'ead  ' > ' .•<  rr.y  from  oi  e u.;i;  u ai  otr.er  .s  to 

re  afcot  ,p.is '-.n  ’■  tu  . . iri  read  r.g  ir<?  t be  talen  rs  j 

1;  :o  ;r  ttc  r a • ? ji  ■ le  kc  o .o.  r;  ur  i n ’he  ie^•-ig^.  ( f tiie  DT  le  .dr'L.;  j 

hi  : ,tt.e:  v<  It > r • • 1.  < aa  i nlica.e^  'f  cu.-rei  and  irolmge  , 

} t.h  ■ 'pr;  ; oecu  ; ; . ,i  e;  o oi  (*ac  i : )t  c ■ a BTs  is  to  x* 

1 e -o  c.r  -i  I . <■.  .r  t -•  e ' i • ; i.  np.jt  o>  u miely  5 C intarvals  froci 
( f ' ■ : rt-  t-  • re<  tr..-'  lutal  "f  tix  ' s are  tc  be  made  witi 

eatrh  In  ' )r  .ot>  ) ■ ' ' ■ i ; a ? : d thre  e .t  dec  rc:..sing  ten  tern, 

turn;  ol*e*  -yci: 

j'he  i'3di‘.  of  I .•  jl  be  -‘S  .rd  •ad  by  me  recorc  np'  or 

Inuic  it  ' cvja.  , ne  ' ar  " > n re  c on- . ndr  d .:y  the  man.  farli" 

Cl-  '.  Ml*  e'  cn  tb  ii  tins  t 'Onsi:  Is  rcr  d -ga  ''I'l  bp  of  vo'^ag-e 

or  res  .mw  cc  ra'ct:  < ftor  . ■■  vie  ,!e  virii  e “'.d  l U' i .-’try, 

r.t?  s 'ortiii  • -uu  la',  r » jubr  ea'pe;  >J  .envyd/.' 
squa  cs)  liar  i-.u  re-  •.  cl..  . : , > etc  uoc  .>  c ]i  m u to  s 'p[)ort 

t ic  I I’e  in  a ''Ct . v • • ; , ; ■ ■ y e r .’■  » : n.  j si  r e f ■ 'i  ' - 
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a,  Maxim  jm  error 

b. .  Aver:- e error 


'I  he  :■<  dm;od  da  :a  summary  w.  ll  be  caoalated  as  foilo\  :?; 


Sheet  ff_  
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Il  ad.iiiion  to  ih  ; abo\e  numerical  data  any  personal  cbserva- 
iichf  irad  cu'  ng  the  te  it  relative  to  stability  simplicity,  reliabili  v 
£ n ./  r £n>  ctl  c r 'antcr  if  possible  une  in  t le  evaluation  of  any  of  the 
1 n tf-  let  te  i si^  uld  lie  no’ed  on  a separaUi  sheet  of  paper  incluling  the 
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,s  and  nar-.f  of  observer  aid  should  >e  iid^a-ed  to  the  particu'ar  data 
,c  \v  .-:ii  Les  and  i 5 to  ;ie  attocbei  to  lb«j  final  data  sheet 


Tf  any  of  V in  data  irdica  es  a ecrisister.t  error  of  greater  .har. 

'•  he  h st  is  to  i e rerur  with  ttie  stppiied  or  recommended  -’e 

I "c(  r<  nig  e.  u pmer.t  repU'ced  by  the  pre-daion  i istruments  as  deeiT.ed 

If  c-t  ssarv  by  t ie  ei’.peri  iienter  to  acrur£te’.y  evaluate  the  expencabl? 
;u  ft  ions  precision. 

3 , T'l a ; :na.l  J ',£3 ponsc 

t^wirpose  To  deter  n ne  the  temper  itt  re  time  constant  oi  he 
1 1 :i  m isto  '.'s 

Synoins.s"  Ea<  h umt  shall  do  placed  in  a room  temperature  bate 
o.-ed  r rea>  h therrm  I stabilby.  and  tee  i plunged  into  30'^C  lath 
f A p o.  of  temiicrati.re  versus  time  shail  be  made  to  establish  a re” 

[ SI  cv.  se  curve  The  thei  mist.ors  shs.H  rear-'  33  percent  of  30'^i  with- 

ir  0 ] [j  second  ttime  co  is '..irit). 

i 

I £ ii^uii  lent 

I A ai,.p.f  o bath 

i J ercrier  Brci  h Mark  280  or  e-jmvaent) 

; ! reri.doii  DC  p owei'  supply 

' (i  • ‘1C  ■’C  1 lercr  ome'er  .1*^01  div 


b iteoiedurei 

Bach  3T  of  each  rnanufactui-er  viil  be  allowed  to  stabilcr.e  a1 
r o n letnperi  ure.  Th  i unit  under  leit  w.ll  be  wetted  in  a rconi 
temperature  - ith,  rem<  ved»and  30  se<  ones  later  plunged  into  the 
amirro  i£th  £d  approximately  SO^C,  The  readout  shall  be  via  Tie  re- 
cording e luipr,  ent  supp  ied  or  recomr.  ended  iiy  the  manufactuif  r.  C 
t.lr  s te  !Ot  pos,;--ible,  rerdout  will  be  via  the  B msh  recorder,  ""he 
■,i  nr  rcas  ani  .hall  he  tik'on  to  be  the  Brie  necessary  to  respond  lo 
3.'%  Oi  the  tern  lerature-  different ial  ie.ween  'l.e  air  temperati  re  an  i 
tie  ■£  tb  f mpe  -atu'-e.  "are  should  be  tak(>r.  to  insure  that  iht  recorci- 
ir  I equipmen . )r  neces:  ary  amplifier  f do  lot  degrade  the  time  con 
s'  u f 


' ne  i la  siad  >e  reco’-ded  as  foilmvs; 
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j 1 1 
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■■  n.',"  i.-  :;ix  i ic  a tii  co'S.aat  of  over  0,  13  . &i'.- 

r !i  '•  ii  : i vi.U  oe  .Kicos  sary  to  determl  ie  whexie  •’  or 

I ; i:  ■,  ■ ;;,n  :'  te.:  o 3y  tn.e  recercliug  ? .i  ipment.  To  checl  ftis 

t ;•  s;  ,:ij;  ; i : ' ■ 'on,.i  e lisc  re'Cor.Ung  at  v tes  v'i.U  'ne  replac?i  by 

i 0 H/iis  ij  3 j'-eil  i’.ri  ;.ie  test  will  oe  !-.-run, 

in  a.  d <■;  ..  any  p=  reonal  ooservrtiou  ; a ; outlined  in  the  ib  ioU.  e 
t II  ; : rat  r?'  . ec  tion  a ill  be?  handled  according  to  the  procedji-»F 
£■  i 'h-;r-'i’ 

3 i sju  e Lffects 

bur-  o To  deter  n ine  the  eff  *c1:s  ci  pressure  on  temperature. 

lopi  Jne  ear  n of  the  exper.dai)!?  portion  of  a particular  ira.iu- 
f e l er  T ii  ;■  s'-all  be  a. e je  cted  to  hated  Each  unit  shall  lie  plan ?c 

i . : p res  i t ;•  ark  at  a p:  c-ssime  of  i50  ptr.  e.tid  ♦emperatures  r-onitored. 

.■  ,‘f  i':ie  t;  '.i:  '’ralur--  as  stabilir.ec,  oj-e.ss  rre  shall  be  relieved  in  i i- 

i •?  -jf-ntr,  C;  i T i.'ii.  i loritor  readotu  init  fer  temperature  to  delern.ine 

auj  cK;m  ;e  5. 


:r,  T.  i'.;p  Til' 'll ; 

res  wii'  ■ bom 

' t.m  iOinele  r •£  llbranng  tan  : 

'a  I rocf  dure'- 

Unr  I T of  eac  ;:.anuf.ict uror  is  to  placed  in  the  pressure' 
L-)t  i : iiid.v  cj  Uy.  i'r-  s JUJ'e  is  to  . o raiee;c!  to  650  psi  and  mc.  ntadird 
Tan'.:  ';en  Of  t : ure  is  to  bo  r.iaintained  a'  llO'^C  for  1 hour  at  which  tir  e 
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In  add-tion,  a vy  p>  rf.oiial  chservitioi.s  as  cm-.  rc=-l  i ihr  c p 
solute?  leinperature  " .re  ;ilon  vll''  be  haad’ed  a-'rcr  hn-'  u.  'n  nr  o ?■ 

I'.res  cfited  therein. 

i f pact  Shook 

irpose:  To  det'.-.r  Lne  tl^e  ei.t'ec'  -ju  • -e  ooeiati-'  : .v.u  i ..-..li  t n. 
t.ie  J/-P aping  of  the  cjx/erda.rU  siat  o-.-er  the  s ci;  o,  ...  p 

Syioosis;  One  'jaoh  of  tlie  expeaciairle  po'tion  of  a oa  a oj  .- 
t.  ai  uci.’.tarer's  uru'  sh.rll  . o subjected  to  tliis  Ic'.st  Tl.o  te  o-./t-  ; .o 
liava'  ( T-d.iance  Ln.mratory  shall  .^e  usee  for  i.nis  lest 

Ja:t-  unit  shill  be  iroopju  ii  five  fall  fr  >;  a he  /:  1 hat 

3’hr  • crops  sha’l  ce  made.  rV'tcr  tost,  :he  i .is  shai  ■ ...p  c •- 

v sua'l'v  for  effects  o"  i.rpi  of  a id  s u U lie  .’ot^riec  for  ceir.  ti.in 
vv  ,t,l'.  '(-sts  1 am'  2o  If  r.'.i’ure  occurs  in  the  in  ii.il  ani?  =.-le<  ?d  j ■ 

t'sl  t.liall  be  rvade  on  a.iotl  <ij  aril 

a EqLr'onient 

N(to  test  Tank 
M/srellane-Pue  ■nrcwait! 


: M.;e- 


Ji.e  1 achj  of  tic  ‘?::penda’ole  .per*  on,,  of  eacn  mariL’da.r.t  irer'; 
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